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Near 40 years climate reanalysis datasets from the Modern Era 
Retrospective-analysis for Research and Applications, Version 2 (MERRA-
2) are available at NASA Goddard Earth Sciences Data and Information 
Services Center (GES DISC). MERRA-2 is a NASA reanalysis for the 
satellite era focused on historical analyses of meteorology, atmospheric 
chemistry, land, ocean, and aerosols data. The data are available for a broad 
range of weather and climate time scales. 
 Model: NASA GEOS-5 
 Temporal Coverage: 1980-present
 Temporal Resolution: hourly, 3-hourly, monthly
 Spatial Coverage: Global
 Spatial Resolution: 0.5o x 0.625o
 Data Format:  netCDF-4
The hourly products, such as precipitation, soil moisture, temperature, and 
aerosols etc., have been used widely to study extremes.
MERRA-2 Products and Services 
Data Distribution Metrics
MERRA-2 data consists of 95 data collections, in addition to traditional climate and 
weather study.  MERRA-2 data have been used widely in many application researches, 
such as wind and solar energy, extreme heat/cold, drought/flood, air quality, etc.
Extreme Heat Event over Europe in Summer 2019   
Creating Value Added Data and Analytic Services 
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OPeNDAP
THREDDS
- One idea to better support long-time series analysis are: 
a) Re-construct the popular variables to the bigger data cubes, such as year-file from day-file
b) Pre-generate daily climatology 
c) Provide interface to explore easily the extremes information as shown in Figure 2-4. 
- Another idea is to provide services on the cloud, which is under development
Figure 5: Time (sec) used to download hourly time-series with current services: GDS, Giovanni, and 
OPeNDAP from a 2-dimensional product.  The time to download one-year of point data is about 2.5, 13 
and 30 min  by using GDS, Giovanni, and OPeNDAP, respectively.  It is slower if getting time series 
from a 3-dimensional product.  
Searching
Data Access Services:
 Subsetting service
 Direct download (HTTPS)
 OPeNDAP
 GDS (GrADS Data Server)
 TDS (THREDDS Data Server)
 WMS, WCS
 Giovanni: online visualization
Online Documentation:
 Related documents are linked from 
the data product landing page, such 
as User Guide, Algorithm, Known 
Issues, References, etc. 
 Data How-to (step-by-step 
instructions on accessing, reading, & 
viewing data with various data tools)
 FAQ
Subsetting &
Download 
Online Visualization: with over 1800 variables 
 Measurement
 Source (Platform/Instrument)
 Processing Level
 Project
 Temporal Resolution
 Spatial Resolution 
 Spatial 
 Temporal
 Variable 
Finding Data 
Figure 1: Monthly MERRA-2 data distribution since November 2016.  The monthly 
unique users (left panel) increased from ~1000 to ~1500, exceeded 2000 in some 
months, distributing over 150TB data each month, that contains about 4 millions of files
(right panel).
MERRA-2 data collections contain large number of variables. Due to the large data volume of 
native archived data files, especially hourly data, users are interested in downloading only the 
variables, time period, and region of interested, plus in their preferred data format and file 
structure. Scientists face challenges in dealing with existing archives, especially when
processing data to study extreme events as it requires to download long-time daily or hourly 
data, for example:   
 Users may experience slow processing times, timeouts, system overloads and storage 
capacity issues
 The subsetter service does not have time aggregation feature
 The performance is not fast enough when generating time series though current services: 
OPeNDAP, Grads Data  Server (GDS), and Giovanni. 
Challenges to Support Extreme Event Study
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Daily  Maximum Temperature , average 2019.06.21-30 a)
Figure 2: a) 10-days mean of daily maximum 
temperature (Tmax) from MERRA-2, indicating
persistent high temperatures (over 35oC)  in many
places;  b) Time series of Tmax from the station 
MARSEILLES-MARIGNANE, France (FR000007650:  
43.4378oN, 5.2158oE) (from NOAA NCEI) and 
MERRA-2 (T2M_max);  c)  10-years (2008-2017) 
Tmax from the station and MERRA-2  (T2M_max)
Please send comments to:
Suhung.shen@nasa.gov
gsfc-help-disc@lists.nasa.gov
https://disc.gsfc.nasa.gov/
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Station: Marseille France (FR000007650)
2008-2017 Daily Maximum Temperatures 
RMSE=1.784
Mean_diff=1.286
Range_diff=(-4.9, 8.6)
c)
Figure 6: The time (seconds) required to 
download data into a single file with the wget
method from OPeNDAP from the year-cube files. 
Similar to Figure 5,  we have tested to extract 1x1 
point, 5x5 points, and 100x100 points, 
respectively.  The time are reduced to about 0.5 
min for getting data at a point or 5x5 array, and ~ 
3min for 100x100 array. 
In June and July 2019, people in Europe experienced high temperatures.  High temperature may increase risk of heat-related 
illness, such as sunburn, heart disease, dehydration, heat cramps, etc. Below is an example exploring this extreme heat 
event with MERRA-2 data. 
Daily Climatology and Anomaly 
Percentiles of  Daily Tmax
Daily Tmax climatology database were generated by using 38 years (1981-2018) MERRA-2 daily Tmax at 2-meter.  For a 
given day,  a window-size of 15 days ( i.e.  the day plus 7days before and after)  are collected into the database.    
Figure 3: a) Time series of  MERRA-2 daily Tmax climatology (black), station MARSEILLES-
MARIGNANE (blue) of 2019, and MERRA-2 daily Tmax of 2019 (red); b) Histogram plot of daily 
Tmax climatology over the station for June 28.   The temperature was extremely high on Jun 28 2019, 
about 11.5oC higher than the mean, which is the highest since 1980.  
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Figure 4: Examples of percentiles:  a) Image of the percentiles of daily Tmax over Europe on June 28 2019; 
b) The time series of  daily Tmax percentiles for June and July 2019 over Marseilles, France.  In late June 
and early July,  temperatures were high persistently, 11 days above 95% and 6 days above 99%.  
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 Regridding
 Data 
format
Compared current Giovanni system, the preliminary test with “Giovanni in cloud prototype” has shown over 25 
times improvement in the performance of computational expensive service, such as long-term time series. The 
test was done by using a daily variable: MOD08_D3_6_Aerosol_Optical_Depth_Land_Ocean_Mean.   
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